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EDITORIAL
Exercise,  obesity,  and asthma  in children  and  adolescents,
Exercício,  obesidade  e  asma  em  crianc¸as  e  adolescentes
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tOverweight  has  become  increasingly  common  in  children
around the  world.  Unfortunately,  Brazil  is  no  exception.1
Additionally,  due  to  increased  access  to  many  modern  con-
veniences, the  physical  activity  levels  in  this  age  group
have declined.  Besides  metabolic  sequelae,  obesity  com-
bined with  a  sedentary  activity  level  can  also  negatively
affect multiple  organ  systems  throughout  the  body.  Data  are
accumulating which  indicate  that  the  respiratory  system  is
not an  exception.  Respiratory  symptoms  are  a  leading  rea-
son for  pediatric  consultations.  The  effects  of  weight  gain
and a  sedentary  lifestyle  may  be  playing  a  larger  role  in  lung
disease than  ever.
Obesity  has  been  repeatedly  associated  with  an  increased
risk of  developing  new  cases  of  objectively  and  rigorously
deﬁned asthma.2--4 Also,  it  has  been  difﬁcult  to  deﬁne  the
ways through  which  obesity  affects  the  asthma  phenotype  in
children and  adolescents.  Two  of  the  most  consistent  phe-
notypic ﬁndings  speciﬁc  to  children  with  obese  asthma  are
(1) greater  symptom  burden  and  (2)  reduced  response  to
daily inhaled  corticosteroids.  There  is  now  some  evidence
that weight  loss  among  obese  asthmatic  children  improves
asthma-related outcomes.5 However,  relatively  little  data
exist on  the  effects  of  exercise  and  exercise  capacity  in
children with  children  with  asthma  or  obesity.  Obesity  in
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http://dx.doi.org/10.1016/j.jped.2014.01.002therwise  healthy  (non-asthmatic)  adults  negatively  affects
ung functioning,  while  less  is  known  about  how  obesity  and
xercise affect  the  developing  respiratory  tract  in  a  child.
he relationships  between  exercise,  obesity,  and  asthma  are
xamined in  two  interesting  studies  by  de  Andrade  et  al.6
nd  Faria  et  al.7 in  this  issue  of  Jornal  de  Pediatria.
Faria  et  al.7 were  interested  in  testing  the  lung  func-
ion and  physical  activity  of  obese  adolescents  not  yet  with
iagnosed respiratory  problems.  Obesity,  especially  in  adults
ith a  body  mass  index  (BMI)  above  35  kg/m2,  has  been  asso-
iated with  chest  restriction;  reduced  total  lung  capacity,
unctional residual  capacity,  and  expiratory  reserve  capac-
ty; and  greater  residual  volume.8 Pulmonary  mechanics
ave not  been  studied  as  extensively  in  children  and  have
ot been  consistent.  It  is  likely  that  the  relationship  between
besity and  lung  outcomes  vary  based  on  other  factors  such
s age,  gender,  activity  level,  and  age-of-onset  of  obesity.
mong school-aged  children,  obesity  has  been  associated
ith increased  breathlessness  and  cough,9 and  increased
xercise-induced bronchospasm.10 In  pre-pubertal  children,
here is  not  a  clear  association  between  obesity  status  and
ung function  parameters.9,11,12 Gender  may  be  an  important
hird factor  affecting  the  relationship  between  obesity  and
ung function.  Early  life  obesity,  particularly  in  boys,  may
educe lung  growth.  There  is  some  evidence  in  young  boys
hat obesity  associates  with  airﬂow  obstruction  (measured
y FEV1/FVC).12 We  have  found  similar  airﬂow  impair-
ent among  young  boys  with  asthma,13 but  the  interaction
etween obesity  and  gender  in  children  requires  further
tudy.
In adolescents,  the  relationship  between  obesity  and  lung
unction is  more  similar  to  that  observed  in  adults.  Oth-
rwise healthy  obese  adolescents  have  variably  reduced
er Editora Ltda. Este é um artigo Open Access sob a licença de CC BY-NC-ND
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esidual  volumes  and  functional  residual  capacity  (on
ccount of  chest  restriction)  and  impaired  diffusion
apacity.14 Obese  adolescents  have  shown  airﬂow  obstruc-
ion less  commonly  compared  to  younger  children.  However,
ike younger  children,  obese  adolescents  are  more  likely
o display  exercise-induced  bronchospasm  (EIB).15,16 The
xact mechanism  causing  this  reported  obesity-related  EIB
equires  further  exploration.  Furthermore,  the  cardiopul-
onary responses  to  exercise  have  rarely  been  performed
n children  with  a  focus  on  the  inﬂuence  of  obesity.  Since
imple obesity  is  a  risk  factor  for  the  development  of  new-
nset asthma  symptoms  and  asthma  diagnosis,  examining
espiratory outcomes  in  a  cohort  of  obese  children  ‘at-
isk’ for  asthma  (on  account  of  their  obese  state)  may
rovide clues  regarding  the  connection  between  obesity  and
sthma.
Faria et  al.7 enrolled  92  children  between  the  ages  of
0 and  17  without  prior  lung  disease  from  the  Pediatric
besity Clinic  of  the  Hospital  Universitário  da  Universi-
ade Estadual  de  Campinas  (Unicamp),  Campinas,  Brazil  to
est the  effect  of  obesity  and  gender  on  lung  responses
o exercise.  The  authors  deﬁned  obesity  as  a  BMI  >  95th
ercentile  using  the  World  Health  Organization  reference
urve. Body  composition  (body  fat  and  lean  mass)  was  also
ssessed by  bioelectrical  impedance  analysis.  Respiratory
uscle strength  and  spirometric  lung  volumes  were  mea-
ured before  and  after  exercise  using  standard  procedures.
he exercise  challenge  and  follow-up  lung  function  testing
dhered to  accepted  conventions  of  the  European  Respira-
ory and  American  Thoracic  Societies.
The  authors  analyzed  the  results  using  four  similarly  sized
roups based  on  gender  and  obesity  status.  Baseline  blood
ressure and  heart  rate  were  higher  in  the  obese  groups
egardless of  gender  and  these  elevations  continued  with
xercise. Baseline  lung  function  was  associated  with  gen-
er; males  displayed  increased  FVC  and  FEV1.  Importantly,
he effect  of  obesity  on  lung  function  appeared  to  depend
n gender.  In  girls,  obesity  was  associated  with  similar  or
mproved FVC  and  FEV1,  while  in  boys  obesity  was  associ-
ted with  reduced  values.  This  interaction  between  obesity
nd gender  on  lung  function  continued  post-exercise.
enerally, obese  boys  and  girls  tolerated  exercise  well,
nd post-exercise  drops  in  lung  function  did  not  appear
o be  greater  among  the  obese  compared  to  eutrophic
hildren.
Maximal inspiratory  pressure  (MIP)  and  expiratory  pres-
ure (MEP)  were  measured  as  a  representation  of  respiratory
uscle power.  MIP  reﬂects  the  acute  strength  of  the
iaphragm and  accessory  inspiratory  muscles,  while  MEP
eﬂects the  acute  strength  of  the  abdominal  and  accessory
xpiratory muscles.  It  is  important  to  note  that  MIP  and  MEP
ay not  fully  detect  the  respiratory  system’s  propensity  for
atigue. Obese  males  in  this  study  had  higher,  not  lower,
aximal inspiratory  and  expiratory  pressures  compared  to
utrophic males,  suggesting  obesity  may  be  associated  with
dditional lean  respiratory  muscle  mass  and  power.
Maximal  voluntary  ventilation  (MVV)  was  also  measured.
t can  be  used  to  estimate  ventilatory  reserves  available
o meet  the  physiologic  demands  of  exercise  and  would  be
ble to  better  detect  respiratory  muscle  endurance  and  the
ropensity for  muscle  fatigue.  Faria  et  al.  observed  that  boys
ad higher  MVV  than  girls.  Interestingly,  in  both  genders,
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besity  was  associated  with  an  MVV  that  was  substantially
iminished before  and  after  exercise.  A  notable  result  was
hat among  females  (obese  or  eutrophic),  exercise  did  not
educe MVV.  In  other  words,  exercise  did  not  appear  to
xhaust the  respiratory  reserve  of  girls.  However,  in  boys
particularly those  who  were  obese),  MVV  diminished  with
xercise. These  results  will  need  to  be  replicated  in  larger
tudies with  adjustments  for  age  and  other  potential  con-
ounders, but  suggest  that  obesity  in  boys  may  lead  to  higher
eak respiratory  muscle  power  but  at  the  cost  of  greater
espiratory muscle  fatigue.
The  etiology  of  these  gender  differences  was  not  specif-
cally examined  in  the  study,  however,  the  authors  rightly
tate that  differential  fat  distribution  and  altered  base-
ine respiratory  mechanics  may  play  a  role.  Obesity-related
eductions in  expiratory  reserve  volume  (ERV)  that  were
iminished in  both  obese  genders  may  be  more  impactful
n boys.  However,  the  reasons  are  unclear.  Although  the
runcal obesity  (fat  storage  in  the  chest  and  abdomen)  is
ore common  in  adult  males  (compared  to  adult  females),
his same  gender  pattern  is  not  as  consistent  in  children.
uture studies  that  measure  the  effect  of  fat  distribution  on
ung function  are  needed.  Even  though  this  effect  is  more
ronounced in  boys,  obesity  is  associated  with  poorer  lung
unction and  reduced  ventilatory  reserve  in  both  genders.
ith this  degree  of  obesity-related  ventilatory  impairment,
any obese  children  would  be  expected  to  adopt  a  more
edentary lifestyle.  Despite  the  fact  that  this  study  did  not
peciﬁcally  adjust  for  this  factor,  it  is  possible  that  reduced
hysical activity  may  mediate  the  association  between  obe-
ity status  and  impaired  lung  and  ventilatory  function.
In  the  current  issue  of  the  Journal,  a  separate  group  of
nvestigators studied  the  effects  of  asthma,  activity  level,
nd obesity  status  on  exercise  performance.  In  the  study  by
e Andrade  et  al.,6 the  investigators  enrolled  40  children
etween the  ages  of  6  and  16  years  each  with  physician-
iagnosed asthma.  29  of  the  children  had  a normal  BMI,
hile 12  had  a  BMI  in  the  overweight  range.  Participants
ere recruited  from  the  outpatient  pediatric  pulmonology
nd respiratory  physical  therapy  clinic  from  the  Instituto  de
edicina Integral  Professor  Fernando  Figueira  (IMIP),  Brazil.
articipants had  moderate  and  severe  persistent  asthma,
eﬁned according  to  the  IV  Brazilian  guidelines  for  the  man-
gement of  asthma,  and  were  clinically  stable  and  otherwise
ealthy. Participants  underwent  baseline  evaluations  includ-
ng questionnaires  to  assess  asthma  control,  quality  of  life,
nd routine  level  of  physical  activity  determined  by  the
abitual level  of  physical  activity  questionnaire  by  Santuz.17
aseline  spirometry  and  a  six-minute  walk  test  (6MWT)  were
erformed  per  ATS/ERS  standards.  Vital  signs,  oxygen  sat-
ration, and  dyspnea  index  (Borg  scale)  were  monitoring
uring and  after  the  6MWT.  Results  were  compared  to  ref-
rence values  for  age-,  height-  and  weight-matched  healthy
razilian children.18
The  cohort  was  48%  female  and  had  a mean  age  of
1.3 years.  30%  were  obese  and  70%  met  the  deﬁnition
or sedentary  activity  level.  Using  Brazilian  asthma  guide-
ines, the  investigators  determined  that  65%  and  35%  had
evere and  moderate  asthma,  respectively.  All  participants
ere being  prescribed  at  least  a  low-dose  of  daily  inhaled
orticosteroids (ICS),  and  60%  were  on  a  combination  of  ICS
nd long-acting  beta-agonists.
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The  results  of  the  study  showed  the  mean  distance
achieved on  the  6MWT  was  430  meters,  170  meters  below
the expected  mean  for  the  group,  an  average  of  only  71%
of the  expected  value.  Clearly,  having  asthma  (or  conditions
related to  asthma)  appears  to  substantially  impair  cardiopul-
monary performance.  Interestingly,  the  characteristics  of
gender, asthma  severity,  obesity  status,  and  controller  medi-
cation intensity  were  all  not  associated  with  6MWT  distance.
Importantly, the  only  factor  that  was  associated  with  6MWT
distance was  the  child’s  baseline  level  of  activity.  When
the investigators  took  into  account  the  predicted  distances,
they found  that  age  was  inversely  associated  with  6MWT
percent predicted.  As  children  advance  into  adolescence,
many adopt  a  sedentary  level  of  activity,  which  is  consis-
tent with  the  results  from  de  Andrade  et  al.6 More  research
is needed  to  determine  the  mechanism  of  the  association
between activity  level  and  asthma-related  outcomes.  Con-
founding factors  to  activity  level  may  be  playing  a  partial
role that  must  be  explored  in  future  studies.  An  example
is that  daily  activity  level  may  be  associated  with  asthma
controller adherence,  with  the  latter  factor  leading  to
improved 6MWT  distance.  Future  studies  that  directly  com-
pare exercise  capacity  in  asthmatic  versus  non-asthmatic
children and  that  are  large  enough  to  statistically  adjust
for multiple  confounders  will  be  needed  in  order  to  further
conﬁrm the  importance  of  activity  level  in  asthma-related
outcomes.
Regardless, de  Andrade  et  al.6 give  us  a  remarkable
set of  results  that  constitutes  an  important  public  health
message. Children  with  asthma  should  not  shy  away  from
daily exercise.  The  authors  rightly  point  out  that  asthma
is associated  with  reduced  activity,  which  may  stem  from
families’ concerns  about  exercise-related  asthma  attacks.
However, health  care  providers  must  teach  families  at  every
opportunity that  the  goal  of  asthma  control  is  achieving  a
lifestyle that  allows  for  daily  physical  exercise.  Addition-
ally, parents  and  adolescents  need  to  be  taught  that  routine
exercise will  improve  asthma-related  quality  of  life  and
may make  persistent  asthma  easier  to  control  in  the  long
run.
Faria et  al.7 and  de  Andrade  et  al.6 together  deserve
credit for  performing  research  in  an  understudied  but  crit-
ically important  ﬁeld  of  pediatric  health.  As  with  all  good
science, these  studies  create  more  new  questions  than
answers. The  work  by  Faria  et  al.7 challenges  future  sci-
entists to  answer  why  obesity  particularly  impairs  boys  and
their ventilatory  reserve.  The  study  by  de  Andrade  et  al.6
invites  further  exploration  of  the  precise  mechanisms  con-
necting daily  activity  and  asthma  severity.  Pediatricians
know that  healthy  breathing  is  a  top  concern  to  parents,  and
they have  always  known  that  avoiding  obesity  and  maintain-
ing daily  exercise  are  important  for  children  to  grow  up  with
healthy lungs.  Future  studies  will  tell  us  more  about  why.Conﬂicts of interest
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